We have previously demonstrated that the combined use of doxifluridine and irinotecan shows a different molecular mechanism than that of the protracted venous infusion of 5-FU and irinotecan. In this analysis, there is a suggestion that doxifluridine may enhance irinotecan and enable us to decrease the dose of irinotecan without losing the strong effect by using doxifluridine instead of 5-FU. We present a colon cancer patient with the UGT1A1 polymorphism (UGT1A1 * 28) as a known high risk for irinotecan, who was treated with a combination of doxifluridine and irinotecan for peritoneal dissemination resulting in stable disease for 2 years without adverse reactions, although the patient initially developed severe adverse effects to the combination of the protracted venous infusion of 5-FU and irinotecan. Even with the same ratios of fluoropyrimidine and irinotecan combinations, replacing 5-FU with doxifluridine or capecitabine could provide new strategies to obtain not only convenience but also better efficacy and safety at the molecular level.
Introduction
We have previously demonstrated that the combined use of doxifluridine and irinotecan shows a different molecular mechanism than that of the protracted venous infusion of 5-FU and irinotecan, even with the same ratio of fluoropyrimidine and irinotecan (1) . In the present study, we suggest that doxifluridine may enhance irinotecan action by participating in the effects of the proto-oncogene c-fos in tumors. We also suggest that controlling doxifluridine may help in decreasing the dose of irinotecan, without losing its strong effect, instead of using 5-FU.
Interest in irinotecan for individual treatments has increased since polymorphisms in the metabolizing enzyme UDP-glucuronosyl-transferase 1A1 (UGT1A1) were suggested to be the predictors of response and toxicity in cancer patients (2) (3) (4) . We present a case of colon cancer with the UGT1A1 polymorphism (UGT1A1 * 28) treated with a combination of doxifluridine and irinotecan for peritoneal dissemination, resulting in the stability of the disease for 2 years without adverse reactions, although the patient initially developed severe adverse effects to the combination of the protracted venous infusion of 5-FU and irinotecan.
Case report
In 2003, a 70-year-old woman was diagnosed with ascending colon cancer, and underwent a right side hemicolectomy. A histopathological examination revealed mucinous adenocarcinoma, and no lymph node metastases were found in the resected specimen. The postoperative course was uneventful, and adjuvant chemotherapy was not performed. During a routine post-surgery, serum tumor markers such as the carcinoembryonic antigen (CEA) and CA19-9, which were initially normalized by surgery, increased immediately. Although the patient remained asymptomatic, and the computed tomography was not remarkable, the serum tumor markers had increased progressively. F-18 fluorodeoxyglucose (FDG)-positron emission tomography (FDG-PET) was performed to evaluate occult recurrence. Results showed multiple hot spots in the abdomen and pelvis, and the patient was diagnosed with peritoneal dissemination from ascending colon cancer four months after surgery (Fig. 1) .
She was initially treated using Pharmacokinetic modulating chemotherapy (PMC) (5) (6) (7) (8) . PMC consisted of the continuous intravenous infusion of 5-FU for 24 h/week, and the oral administration of UFT (Taiho Pharmaceutical Co., Tokyo, Japan) twice a day for 5-7 days/week (5-FU, 600 mg/m 2 /24 h; UFT, 400 mg/day for a week). Since first-line chemotherapy for recurrent colorectal cancer involves modified PMC using leucovorin (LV) and irinotecan, the patient was also . All toxicities were graded according to the National Cancer Institute Common Toxicity Criteria, Version 2.0 (9). Nine days after the initial administration of irinotecan, the patient experienced severe grade 3 neutropenia and diarrhea. Grade 3 neutropenia (0.5 to ≤1.0x10 9 /l) continued for 3 days after treatment, and then returned to its normal range. Grade 3 diarrhea worsened to 5 stools/day, requiring parental support. We performed systematic management by infusion to regulate water balance for 7 days. Following improvements, we started treatment with a combination of doxifluridine and a low dose of irinotecan. In a previous report, this combination was shown to be promising in patients who were resistant to PMCmodified LV and irinotecan (1) . The combination therapy consisted of the continuous intravenous infusion of irinotecan for 24 h/week, and the oral administration of doxifluridine (irinotecan, 10 mg/body/24 h; doxifluridine, 800 mg/day, for a week). The patient reacted well to this regimen, which was subsequently repeated every week. Consequently, the disease stabilized for about 2 years without adverse reactions (Fig. 2) . Although serum CEA and CA19-9 levels remained high, and the patient had a metastatic right ovarian tumor, she underwent chemotherapy at an outpatient clinic, and remains alive for over 2 years after the initial treatment.
Patients and methods
Patient samples. The patient gave informed written consent for her peripheral blood to be used for research. Variation in UGT1A1 activity most commonly arises from polymorphisms in the UGT1A1 promoter region that contains several repeating TA elements. The presence of 7 TA repeats (referred to as UGT1A1 * 28), instead of the wild-type number of 6, results in reduced UGT1A1 expression and activity (10) . In addition, UGT1A1 * 6 and UGT1A1 * 27, corresponding to variant sequences in exon 1, have been identified only in Japanese people (3, 10) . Thus, in this study, we investigated 3 sites of DNA polymorphisms in the UGT1A1 gene (UGT1A1 * 28, UGT1A1 * 6, and UGT1A1 * 27). for 1 min, with a final elongation step at 72˚C for 7 min. Fluorescence-labeled PCR products of the promoter region were resolved by capillary electrophoresis on an automated ABI PRISM 310 genetic analyzer (Applied Biosystems). The PCR products of exon 1 containing G211A and C686A were purified using the MiniElute™ PCR purification kit (Qiagen). Multiplex single nucleotide primer extension analysis reaction was performed with the ABI PRISM SnaPshot multiplex reagent set (Applied Biosystems). The reaction involved the binding of the two primers specific to G211A and C686A to their complementary sequences, in the presence of fluorescence-labeled dideoxynucleotide triphosphates (ddNTPs); and the extension of the primers by AmpliTaq DNA polymerase by adding a single ddNTP to the 3' end. The reaction mixture contained 0.5 μl PCR products, 2.5 μl multiplex reaction mixture (fluorescence-labeled ddNTPs, AmpliTaq DNA polymerase, and reaction buffer), 0.2 M SnaPshot primers, and 1.8 μl distilled water. The reaction was performed as follows: Twenty-five cycles at 96˚C for 10 sec, 55˚C for 5 sec, 60˚C for 30 sec. Samples were treated with 1 U calf intestinal phosphatase (CIP) at 37˚C for 1 h, and at 75˚C for 15 min to deactivate CIP. Fluorescently labeled fragments were resolved by capillary electrophoresis on an automated ABI PRISM 310 genetic analyzer. The PCR primers are shown in Table I .
Results
Results showed that the patient did not have UGT1A1 * 6 and UGT1A1 * 27, but UGT1A1 * 28 polymorphisms (Table II) .
The patient was heterogeneous for UGT1A1 * 28, and was more sensitive to the risks of adverse reactions, although previously reported clinical results have been variable for heterogeneous patients compared to homogeneous individuals.
Discussion
The use of protracted venous infusion of 5-FU combined with irinotecan has become a standard therapy for colorectal cancer (11) (12) (13) . A current new strategy is to replace 5-FU with an oral agent such as capecitabine, for more convenience with the same efficacy, and for the tolerability of the infusional regimen. A good efficacy of capecitabine combined with irinotecan has been demonstrated in multitude phase II trials (14) (15) (16) . However, the Japanese national medical insurance has not yet allowed the use of capecitabine for the treatment of colorectal cancer. Since capecitabine is a prodrug of doxifluridine which is approved in Japan, we used doxifluridine and irinotecan combined therapy for colorectal cancer, and recently found two interesting results for the efficacy of this combination (1). i) The combination of doxifluridine and irinotecan showed a different molecular mechanism from that of the protracted venous infusion of 5-FU and irinotecan. ii) This suggested the possibility of decreasing the dose of irinotecan by using doxifluridine instead of 5-FU, to avoid adverse reactions without losing its strong effect. Diarrhea and myelosuppression are the doselimiting toxic effects of irinotecan, and interfere with the optimal utilization of this important drug. Such toxic effects of irinotecan have often been associated with an increased ONCOLOGY REPORTS 16: 971-974, 2006 973 Table I . The UGT1A1 * 28 polymorphism. Table II . PCR primers used in this study.
level of the active metabolite SN-38. Studies on clinical pharmacogenetics of irinotecan have been mainly focused on the polymorphisms in UGT1A1, the enzyme responsible for the glucuronidation of SN-38 to form the less toxic, inactive metabolic SN-38 glucuronide (15) . UGT1A1 * 28 was shown to be associated with the reduced glucuronidation of SN-38, increased exposure to SN-38, and increased clinical toxicity in patients treated with irinotecan (3, 4, (18) (19) (20) . A recent prospective study by Innocenti et al (18) demonstrated that patients with a UGT1A1 * 28 allele had a statistically significant high risk of grade 4 neutropenia. A case-control study using Japanese cancer patients also revealed that patients with variant UGT1A1 alleles were at significantly higher risk of severe adverse reactions to irinotecan, suggesting that a genotyping strategy could be clinically useful (3) . As a result of these studies, in August 2005, the U.S. Food and Drug Administration (FDA) approved the use of a molecular assay (Invader UGT1A1, made by Third Wave Technologies, Inc.) to identify patients who might be at increased risk of adverse reactions to irinotecan used in the treatment of colorectal cancer. Nevertheless, the clinical importance of pharmacogenetic testing may differ among patient groups, and among clinical situations. In fact, Carlini et al (21) reported that UGT1A1 polymorphisms did not predict response and toxicity in colorectal cancer patients treated with capecitabine and irinotecan in contrast to previous studies. In our case, our patient with UGT1A1 * 28 was initially treated with a combination of the protracted venous infusion of 5-FU and irinotecan. Consequently, she developed severe adverse effects including grade 3 neutropenia and diarrhea, although she was a heterozygous patient (carrier of one variant allele and one wild-type allele, resulting in intermediate UGT1A1 activity). Accordingly, we introduced a combination of doxifluridine and a low dose of irinotecan as second line chemotherapy, and this resulted in the stability of the disease for 2 years without adverse reactions. Therefore, we confirmed our previous suggestion that doxifluridine might enable us to decrease the dose of irinotecan without losing its strong effect by using a combined therapy.
In conclusion, we reported for the first time that different molecular mechanisms for both efficacy and safety exist, even with the same ratios of fluoropyrimidine and irinotecan combinations. Replacing 5-FU with doxifluridine or capecitabine could provide new strategies to obtain not only convenience but also better efficacy and safety at the molecular level. Although prospective trials are needed to determine the actual clinical benefits, a combination of doxifluridine and irinotecan might prevent patients with UGT1A1 polymorphisms from severe adverse events, and lead to more specific individual patient treatments.
